A painstaking pursuit of better glass

Labs ceramics experts seek improved materials, methodologies for better safety and survivability

By John German

For a fraction of a second following a bomb
blast, window panes hundreds of feet away
become sails in the blast’s pressure wave. Then
they shatter into thousands of flying, razor-
sharp daggers.

That’s why shattered glass is often among the
most dangerous hazards in a terrorist bombing.
During the 1995 Oklahoma City federal building
attack, for instance, 200 injured people at loca-
tions other than the Murrah building at the time
of the blast reported they were hurt by falling or
flying glass.

A team of Sandia ceramics experts now is
studying glass in a quest to develop windows
that are stronger, that survive and fail when
they’re supposed to, and that shatter into
smaller pieces, like grains of sand rather than
shards, when they break.

They also want to develop a standard set of
methodologies to test samples of many different
glass types and configurations so architects and
builders have more information at hand when
they select glass for a building.

The project is supported by Sandia’s
Architectural Surety® program and funded
through the Laboratory Directed Research
and Development (LDRD) program, with past

(Continued on page 5)

Testing acceleration

Every time instrumentation developed by
Telemetry and Instrumentation Dept. 2665 is
fired in a projectile into targets, it’s like the
Fourth of July. Read about the department’s
successes in Chris Burroughs’ story on page 6.

Latest ethics survey
responses up compared
to 1999 results

Lockheed Martin survey conducted
every two years since 1995

By Bill Murphy

In recent years, Lockheed Martin has invested
considerable attention to ethics in the workplace,
an effort that appears to be paying tangible
dividends.

Surely, everyone remembers the Dilbert train-
ing sessions and the sometimes-hilarious ethics
sketches starring actor Patrick Warburton. Well,
those fun-with-a-purpose exercises must have sunk
in with employees. The numbers prove it.

A comparison of Lockheed Martin ethics sur-
vey data between the 1999 survey and the Novem-
ber 2001 survey indicates that employees, Sandians
included, have a more positive view of ethics in the
workplace now than they did two years ago.

(Continued on page 4)

GAINING a better basic understanding of window glasses — why they fail, how they fracture, and what might
make them stronger — is the objective of a team of Sandia researchers led by lill Glass. (Photo by Randy Montoya)
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Labs’ licensee unveils explosives-sniffing
security portal in Washington, D.C.

Start looking for portals at airports, arenas, office buildings soon

Explosives-detection technology originally
developed at Sandia is part of a new security portal
unveiled last week in Washington, D.C.

Barringer Instruments (Warren, N.J.) showed
off its new walk-through explosives-detection por-
tal, the SENTINEL II, to members of the news
media and potential customers May 9.

The portal noninvasively screens about seven
people per minute for explosives and a variety of
other chemical residues and can be used at airports,
office buildings, sports arenas, and other high-
traffic areas, according to Barringer.

Sandia developed and licensed to Barringer the
sample preconcentrator used in the SENTINEL II.
The technology traps particles and vapors from a
large volume of air, then directs the concentrated
chemical sample to Barringer’s IONSCAN® detector
for analysis. The preconcentrator makes possible
the detection of very low concentrations of
chemical compounds of interest, says project
leader Kevin Linker (5848).

The company says the device can detect
narcotics and some chemical warfare agents as
well.

“The recent shoe bomber incident is just one
example of the necessity to screen people,” says
Barringer President Ken Wood. “However, the
traveling public expects screening to be quick

in California this decade

Sandia manages first weapons project located

Labs’ rapid prototyping expertise tapped to aid
surgeons in tricky back operations

BARRINGER’S SENTINEL Il walk-through portal can
“sniff” seven passengers per minute for residues of
explosives and other chemicals.

(Photo courtesy of Barringer Instruments)

and nonintrusive. The SENTINEL Il solves all of
these issues.”

Bob Eagan, VP for Energy, Information, and
Infrastructure Surety Div. 6000, represented
Sandia at the news media demonstration.

“All of us at Sandia are proud to be a part of
this effort, and to see what began at Sandia . . .
evolve into a public safety product that will give
us all peace of mind when we travel,” he said.

A Barringer spokesperson says the com-
pany hopes for FAA approval to use the device
as an airport screening tool within the next
few months. —John German



What’s What

busy, with so many reports.

red-faced.

unappetizing and unopened.

Society.

to pass up.)

“Beyond the Veil.”

And while we’re on the subject of words, self-described “amateur
geneologist of Scotch-Irish extraction” Gary Phipps (5713) sent along a
little etymological clarification about a program the Advanced Concepts
Group prepared for Take Our Daughters to Work Day. The ACG tagged the
program — about the Arab world and the roles women might play there —

Strolling absently down a hall, papers in hand, brow furrowed in
seeming concentration doesn’t necessarily mean someone is focused on a
challenge. A colleague was wandering around our office like that recently,
holding a sheaf of papers, and someone remarked that he must be pretty

“Naaa,” he answered. “I just got these out of the recycle box.”

Well, the developers may be on-target and the residents may be
happy, but whoever painted the lovely blue sign on southbound Eubank that
proudly announces Sandia's Science and Technolgy Park is probably a little

After pointing out the miscue recently, Roxie Jansma (5931) wondered
if there might soon be “groundbreaking for our Remedial Spelling Center.”

A recent story in the Boston Globe announced that researchers at the
US Army lab in Natick, Mass., have reached a long-sought goal: a sandwich
that can lie undisturbed and unrefrigerated for up to three years. It
might be a bright spot for the researchers, but I bet the troops whose
packs that baby’s headed for could add at least a couple more un’s —

0f course, it might work out if the Army could have Emeril Lagasse
standing by every time one of the indestructible sandwiches came out of its
four-layer shroud. He’d just add a handful or two of garlic cloves and

Sometimes you see a name that might be better if it was different,
just because of the initial impression it could make on someone
encountering it for the first time. One such showed up last Friday in the
Sandia Daily News. It was an announcement from Guild Copeland (1112) about
an upcoming meeting of the New Mexico Chapter of the American Vacuum

Being a non-techie, the first thing I thought of was Oreck, Hoover,
Kirby, Dirt Devil, Eureka. Then I thought: Isn’t a vacuum . . . ?°?
(Apologies to Guild and his colleagues; just too good an opportunity

Gary opines that that is a variation on “beyond the pale,” which, he
writes, comes to us from the early 17th century when the English occupying
Ireland cleared a protection area around their fortified enclaves that
they called “the pale.” And, he explains further, going “beyond the pale
was leaving civilization to mix with the ‘mere Irisgh.’

”

— Howard Kercheval (844-7842, MS 0165, hckerch@sandia.gov)
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Unity in Freedom: Asian Pacific
Islander American Heritage Day

Sandia’s Asian Leadership & Outreach Commit-
tee and the National Atomic Museum in Old Town
on Saturday, May 18, are teaming up to celebrate
Asian Pacific American Heritage Month. Activities
will include exhibits, puppets, martial arts demonstra-
tions, Feng Shui, food samples, and more. The cost is
free with museum admission, $4 for adults, $3 for
children, students, seniors, and active-duty military.

Reader Service information

The Sandia Lab News is distributed in-house
to all Sandia employees and on-site contractors
and mailed to all Sandia retirees. It is also mailed
to individuals in industry, government, acade-
mia, nonprofit organizations, media, and private
life who request it.

Retirees (only): To notify of changes in
address, contact Carol Wade, Benefits Dept. 3341,
at 505-845-9705, e-mail cawade@sandia.gov, or
Mail Stop 1021, SNL, Albuquerque, NM 87185-1021.

Others: To receive the Lab News or to change
the address (except retirees), contact Michelle
Fleming, Media Relations and Communications
Dept. 12640, at telephone 505-844-4902, e-mail
meflemi@sandia.gov, or Mail Stop 0165, SNL,
Albuquerque, NM 87185-0165.

Employees: To change the number of copies
of the Lab News your Mail Stop is receiving please
call Honario Anaya, Mail Services Team 10268-4,
at 844-3796. (At Sandia/California contact the
Mail Room at 294-2427.)

Web users: The Lab News is on the Web at
www.sandia.gov/LabNews.

Keep America strong —
Buy US Savings Bonds
Bond drive is May 20-June 7

By Iris Aboytes

The events of Sept. 11 woke us up and made
us take stock of many things. We may be trusting
people by nature, but we became mistrusting as
we started looking over our shoulders. The words
“Let’s Roll” became our motto as our country
became more determined than ever to prove that
we are still the strongest and the most powerful.

To be the strongest and the most powerful
takes people, money, and might. The people are
our trained armed forces, standing ready to serve.
The might are the powerful weapons made to
deter our enemies. The money you and | can try
to furnish by purchasing US Savings Bonds.
Bonds are an investment not only in our future,
but in our country’s future.

Sandia’s annual Bond Drive begins on May
20 and ends June 7. Now it is easier than ever to
purchase bonds. From your computer you have
many purchasing options, so select one or two
and make it work for you. It is that easy. If you
decide you don’t want to keep them for the future
but for a rainy day, that works too!

Bonds, “baby bonds,” were first offered in
1935. The current Series EE bonds came into
being in 1941. They played a major role in financ-
ing World War Il. What role will the current EE
Bonds, | Bonds, and especially the new Patriot
Bonds play on our nation’s War on Terrorism?
Only time and history will tell.

Treasury offers the inflation-indexed | Bond,
which provides all Americans the opportunity to
protect the purchasing power of their savings
from inflation. The Bond offers a fixed rate above
inflation for up to 30 years. | bonds are sold at
face value. Series EE bonds are sold at half their
face value and earn rates based on five-year Trea-
sury securities.

New interest rates on bonds are announced
each May 1 and Nov. 1. Bonds earn competitive
rates of return compared to other forms of saving.
The interest earned on savings bonds is exempt
from all state and local income taxes. Federal
income taxes are deferred until the bonds reach
final maturity, or when you redeem them.

With the stock market the way it is, perhaps
the time to think about purchasing bonds is
here. Why not do both? Financial analysts are
now recommending bonds for your portfolio. For
more information on the new Patriot Bond and
interest rates go to www.savingsbonds.gov, or
better yet call your organization’s bond drive
representative or Juanita Sanchez, our Sandia
savings bonds guru, at 844-1307.

Americans recognizing the seriousness of the
Sept. 11 event have rallied in many ways. One of
the ways is purchasing bonds. Since Sept. 11 a
record number of Bonds have been purchased
nationwide. What do you say? In the words of
Todd Beamer, “Let’s Roll.”

For the record

CAPTION CORRECTION — A caption on
page 5 of the May 3 issue misidentified a par-
ticipant in the 12th Annual International
Arms Control Conference. The caption
should have read: “Ambassador Ahmad
Kamal (left), retired representative of Pakistan
to the United Nations, and Maj. Gen.
Mohammad K. Shiyyab of Jordan have an
intense conversation during a break.”




SANDIA LAB NEWS < May 17,2002 <= Page3

Sandia manages W80 Life Extension program, the first
weapons project located in California this decade

By Nancy Garcia

It has been said that weapons reliability
requirements are akin to storing a Camaro in your
garage for 20 years, then expecting it to start the
first time you turn the key in the ignition.

Sandia/California is managing a program to
refurbish a substantial fraction of the W80 war-
heads in the stockpile to extend their life and to
increase both safety and security — without

The Life Extension Program for the W80
was assigned to Sandia/California and
Lawrence Livermore National Laboratory
in part to balance the nuclear weapons
workload between Lawrence Livermore
and Los Alamos.

underground nuclear testing.

The first major weapons engineering develop-
ment program at the site for a decade, the Life
Extension Program for the W80 was assigned to San-
dia/California and Lawrence Livermore National
Laboratory about 18 months ago in part to balance
the nuclear weapons workload between Lawrence
Livermore and Los Alamos. The W80 was originally
developed by Los Alamos and Sandia/New Mexico,
with the first units fielded in 1982.

Los Alamos retains responsibility for the exist-
ing W80 weapons in the stockpile. It worked on
the Life Extension feasibility study with Sandia

Sandia

CaliforniaNews

and Lawrence Livermore in the late
1990s.

Of the National Nuclear Security
Administration’s $76 million budget
for the W80, Sandia has about $37
million, says Doug Gehmlich, Man-
ager of W80 System Engineering Dept.
8241. Managed from the California
site, the project funds about 80
researchers and support staff at San-
dia/New Mexico and an additional 40
at Sandia/California. In California, a
project group has been handling sys-
tems engineering and systems integra-
tion. Component work on the gas
transfer system and surety also takes
place in California.

Since December, Life Extension
Program-specific activities have been
on hold pending congressional budget
authorization. Overall, the Life Exten-
sion Program is envisioned to lead to
the first production units entering the
stockpile in 2006, with production
continuing into FY 2012-2013. Pro-
duction is expected to involve plants
in Kansas City, Pantex, Savannah
River, and Sandia’s neutron generator facility as
well.

The Air Force, Doug says, expects to keep
cruise missiles another 20 to 30 years (and the B-
52 until the year 2040). The current project
focuses on the Air Force cruise missiles, although
the Navy is also equipped to use the W80 on the
nuclear-capable version of the Tomahawk land
attack cruise missile.

Refurbishing the W80 carries many con-
straints. For example, the US can no longer per-
form underground nuclear tests, so the labs are

Sandia/California-sponsored Science
Bowl team from Fremont, Calif., places
third in national competition

Deparimseast of Fmergy

f" \IIONAL

AND THE WINNER IS — Members of the Mission San Jose Science Bowl Team from Fremont,
Calif., representing Sandia/California, placed third for the second year in a row in the
National Science Bowl national competition held between regional finalists in Washington,
D.C. Here, they receive their trophy and $1,000 prize. The only games that Mission San Jose
lost during both the round robin and double elimination rounds in the tournament were
two games to Thomas Jefferson High School (Virginia), the eventual champions. Boulder
High School (Colorado) placed second. DOE sponsors the National Science Bowl.

THE FIELD PORTABLE gas analyzer was designed, fabricated, and
fielded to obtain internal dew point measurements on W80 war-
heads while in their stockpile locations. Here, Harry Cincotta
(12332) performs a dew point measurement on a warhead
using the device. This photo was taken in 1998 during a previ-
ous project involving the W80 warhead.

constrained to not change anything that would
compromise nuclear certification. Yet they need to
develop new components for the refurbished war-
head — firing set, stronglinks, gas transfer system,
etc. As Doug points out, “The rule is, don’t change
anything, and yet change everything,” meaning
that components that are being switched out need
to resemble the original features in the way that
they interface to the rest of the system.

Doug added that the challenges of a project of
this scale also serve to “train another generation of
nuclear weapons designers.”

Feedback

Is this charging practice a tax?

Q: There is a charging practice that is used by
some managers at Sandia that | feel should be scru-
tinized for its ethical implications. Some managers
charge a percent of their time (and even their secre-
tary’s time) to those projects/tasks their staff is
working on. | would suggest that this might be ethi-
cally improper if the manager is not actually con-
tributing work to a given project/task. The mere use
of a percent suggests a tax rather that any actual
work performed. As a project leader | have no objec-
tion to any manager charging my project if they are
actively working on the project or if they are per-
forming some supervisory activity on their staff who
are working on my project. But to pay a tax while
the manager may be off doing almost anything
seems unethical. Of course if the manager is super-
vising their staff 100 percent of the time, then the
percent plan works out okay.

A: The issue that you describe is a time-charg-
ing issue and not an issue with the time alloca-
tion tool. The optional time allocation system
was implemented in 1999 and has received wide-
spread acceptance across the Laboratories as an
accurate and appropriate tool for time charging.
The tool enables a manager to have automated
the calculation they go through for their supervi-
sory time.

It is an appropriate option, as you have
stated, when the manager’s time that day is that
of performing a supervisory activity. It can also be
selected for portions of a day along with direct
charges on that other part of the day. The appro-
priate charging allocation is still determined by
each person, as they record their time.

The only ethical question would be like for
any Sandian, is there another project that bene-
fited from a manager’s effort that was not receiv-
ing the appropriate charge? If you feel that time is
inappropriately being charged to your
project/task, you may approach your management
or the Ethics office. — Bonnie Apodaca (10500)
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Ethics survey

(Continued from page 1)

The 2001 survey, like those conducted every
two years since 1995, asked employees 21 ques-
tions in an attempt to gauge their perceptions and
concerns about ethics in Lockheed Martin’s busi-
ness operations. Because of the way the survey was
conducted, Sandia-specific responses were able to
be pulled out and analyzed separately. (Every
Sandian — indeed, every Lockheed Martin
employee throughout the corporation — was able
to participate in the survey, either electronically or
through a hard copy form mailed directly to their
home address. A total of 2,727 Sandians partici-
pated in 2001, a rate of 33 percent. Thirty-two
percent participated in 1999.)

Labs Ethics Deputy Director Jerry Hands and
Ethics manager Linda Vigil-Lopez spent a lot of
time studying the survey data — and they’re pretty
pleased with what they found.

“One of the things you’ll see with this data,”
says Jerry, “is that all indicators are up over the
1999 survey data.”

Consider this response to a question, new for
the 2001 survey: “Over the last two years, do you
think Lockheed Martin’s commitment to ethical
business conduct has: Increased [34 percent of San-
dians said yes]; stayed the same [60 percent of San-
dians said yes]; or decreased [six percent said yes].”

In addition, a very large majority of Sandians
reported that they think Lockheed Martin’s ethical
principles of honesty, integrity, respect, trust,
responsibility, and citizenship are applied in daily
business operations at Sandia. For each of the prin-
ciples, the numbers were up over the responses in
1999.

Another important ethics issue was addressed
in this survey question: “Do you ever feel pressured
by other employees or management to compro-
mise Lockheed Martin’s standards of ethical busi-
ness conduct in order to achieve business objec-
tives?” Sandians’ response? 90 percent said
“No/rarely.” Eight percent said “occasionally.” Two
percent said “frequently.” In 1999, five percent of
Sandia responders said “frequently.” Among those
who felt standards of ethical principles were occa-

sionally compromised, the biggest factor cited was
“overly aggressive business objectives.”

Thirty-one percent of Sandians reported that
they “occasionally” (27 percent) or “frequently” (4
percent) observed conduct that they believed
might violate Lockheed Martin’s ethical principles.
Those numbers indicate a slight improvement over
1999 figures.

Employees’ personal actions in the wake of
these observations constitute the biggest area of
concern. Just 39 percent of those who reported
witnessing questionable ethics chose to report that
concern. (In other words, 61 percent chose not to
report anything).

Here are some of the reasons cited for not
reporting:

 Didn’t believe action would be taken

e Feared management retaliation

e Didn’t trust higher-ups to keep reporting
confidential

e Wasn’t completely sure the witnessed activ-
ity was misconduct

< Didn’t want to be known as a whistleblower

Jerry says that some of the perceptions listed
above, particularly the concern that action
wouldn’t be taken, appear to be based on a lack of
trust and/or information. Managers, he notes, can’t
always tell an individual about specific actions that
might have been instituted against another
employee because that information is confidential.
Sometimes, the most that can be said is “appropri-
ate action has been taken,” or words to that effect.
Jerry says that managers can learn to communicate
responsiveness more effectively, while still respect-
ing individual employees’ privacy.

Helping managers learn to communicate bet-
ter and increase trust are the focus of an action
plan developed in response to the survey data.
Some specific elements of the action plan, which
has been approved by Executive VP Joan
Woodard, include:

< Providing material for management-initiated
discussion of an ethics case on a quarterly basis at
departmental or center-wide all hands meetings.

< Discussion of the highlights from the ethics
survey and action plan expectations from senior
managers to line managers during the annual
Spring Leadership Forum.

 Incorporation of recurring Sandia values-
based messages or lessons learned from cases in the

Sandia Daily News and the Porcelain Press.

Jerry says it’s difficult to pinpoint exactly why
the survey results are up — sometimes markedly —
over 1999 results. Some of the positive improve-
ment could legitimately be credited to increased
effectiveness of the annual ethics training. Indeed,
the survey data indicates that Sandians — and
employees throughout Lockheed Martin — think
the training is getting better.

But, gratifying as it would be for an ethics offi-
cer to think that ethics training is the main cause
for the uptick in positive perceptions, Jerry thinks
there’s more to it than that.

“[Here at Sandia] there was definitely a
renewed sense of mission in the days and weeks
following 9/11,” Jerry says, noting that the survey
occurred just weeks after the terrorist attack. “That
attack gave people a new sense of being part of
something important, of something bigger than
themselves. They had the sense that Sandia was
doing the right things. They felt a new apprecia-
tion for everything it meant to be an American and
a sense that their troubles and complaints paled in
comparison to what the victims and families of the
9/11 attack had to endure.”

Annual ethics
training to begin

The annual ethics training for 2002
(required for employees throughout the
Lockheed Martin Corp.) will occur
between June and September. All employ-
ees must complete the training by Sept. 6.
This year, the training is built around the
theme “Perspectives,” with an emphasis
on seeking different points of view prior to
making a decision. The focus will be on
communicating and listening openly and
actively to different viewpoints. During
the training, participants will focus on two
case studies addressing the issues of pro-
curement and use of company assets.
Other case studies may also be addressed.

Managers will establish times for the
training for their individual departments.

EIGHT MONTHS to the day after being closed down due to to security measures established at
Kirtland Air Force Base in the wake of the 9/11 terrorist attack on the US, the National Atomic
Museum re-opened to the public in Albuquerque’s Old Town on May 11. Albuquerque Mayor
Martin Chavez, shown in the photo at lower right viewing a weapon exhibit with his son, was
on hand to cut the ribbon officially opening the facility. The museum’s new digs are in the for-
mer REI building, synergistically located on Old Town’s “museum row.” The National Atomic
Museum’s new neighbors are the Albuquerque Museum, the New Mexico Museum of Natural
History and Science, the Lodestar planetarium, and the Explora children’s science museum. In
the photo above, Junior ROTC students from Manzano High School check out a model of the
Fat Man bomb that was dropped on Nagasaki, Japan, to end World War II. In the photo above
right, a museum volunteer explains X-ray imagery to a group of young first-day visitors.
Museum Director Jim Walther says the new location could result in a 50 percent increase in
attendance, attracting up to 150,000 visitors per year.

National Atomic Museum opens doors in new Old Town location

(Photos by Randy Montoya)
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Better glass

(Continued from page 1)

support from the US Air Force Blast Mitiga-
tion Action Group and Halliburton Energy
Services, a Labs industrial partner.

“Glass is everywhere, and until now looks
and energy efficiency have been everything,” says
project leader Jill Glass (1843). “Few building
designers have considered the security and safety
advantages better glass might offer.”

Building Glass 101

Glass is a brittle material, she says, and its
strength is highly sensitive to surface defects that
often are too small to see. Once stress on the glass
exceeds that required to activate a flaw, the pane
fails, usually at the spot of the most severe defect.

“It’s like when your windshield has a tiny
chip or crack in it — one day it’s fine, then the
next day it goes zing,” she says.

Every piece of glass is different, she adds. Its
age, the way it is framed into a building, its posi-
tion relative to the sun, or microscopic dings
from wind-borne particles can significantly affect
its strength.

That’s why building glass fails over a wide
range of stresses.

A better understanding of glass behavior
under dynamic loading conditions (sudden pres-
sures, like those from a blast), and an ability to
modify the fracture properties of glass, will ulti-
mately bring stronger and safer windows, she says.

What we don’t know

In the lab, Jill and her team have subjected
various glass types to dynamic and static (con-
stant or slowly increasing pressures) loads to char-
acterize their strengths and behaviors in blast and
other environments.

They’ve studied when and where cracks
begin, how large flaws must be to reduce a pane’s

“Architects are making modifica-
tions and decisions about glasses
based on little or no supporting
scientific evidence that they are
safety improvements.”

strength, what forces are at work within a pane
when it fails, what size fragments are created
when panes shatter, and how far and fast they fly
in varying overpressure environments.

They’re looking into how water affects glass
strength.

They’re examining behaviors of several varia-
tions of glass compositions, thicknesses, configu-
rations, and engineered features, including glasses
manufactured with strength-enhancing stresses
stored within the material, such as automobile
safety glass.

“What we’ve discovered is that there is a lot
we don’t know about glass behaviors in a blast
environment,” she says. “Architects are making
modifications and decisions about glasses based
on little or no supporting scientific evidence that
they are safety improvements.” (See “Rushing
headlong into the glass problem” right.)

An oxymoron, reliable glass

One needed improvement, says Jill, is glass
that survives and fails very reliably.

“Reliable and glass haven’t often been used in
the same sentence,” she says.

Toward that end her team and researchers at
Penn State University and the Universita’ di
Trento in Italy are experimenting with a special-
ized family of glasses called Engineered Stress Pro-
file (ESP) glass that offers high strength, reliabil-
ity, and control of fragment size through
modifications to the glass following production.

The team is refining the two-step ion exchange
process used to make ESP glass to carefully manip-
ulate the glass composition at the surface. The
process creates glass with peak compressive stresses
10-20 microns under the surface rather than right

COMPARISON of the different fracture characteristics of two types of glass. In the left image, regular plate glass
fragments resemble large dagger-like shards. In the right image, pre-stressed, ion-exchanged glass breaks into

smaller fragments, more like small pebbles and sand.

at the surface, like automobile safety glass.

(A pane of auto safety glass incorporates
compressive stresses at the pane’s surface that are
counteracted by tensile stresses at the pane’s
center. A surface crack or bending strain destabi-
lizes these competing stresses, and the pane fails
catastrophically. These tensile stresses cause the
“dicing” behavior associated with the fracture
of safety glass.)

This new processing trick results in a stress pro-
file within the ESP glass that initially arrests pene-
tration and growth of networks of surface cracks,
then releases the stored compressive and tensile
stresses when a critical stress value is reached.

The result is crack tolerance and failure at
predictable, narrowly defined stress loads.
(Safety glass offers control of fragment size but
is highly sensitive to surface flaws and, thus,
fails over a wide range of stress loads.) In addi-
tion, the surface crack density increases dramat-
ically prior to failure, serving as a warning
mechanism, says Jill.

Sandia, Penn State, and Halliburton have
filed several patents on the processes to produce
modified ESP glass and its applications.

“For the first time we have glass types that
are both strong and dependable, that crack non-
catastrophically, and that fracture into small frag-
ments,” she says.

Scientifically valid comparisons

Currently no standards exist for selection of
blast-resistant glasses for nongovernment build-
ings, says Jill.

She has worked with the US Air Force’s Force
Protection Battle Lab in San Antonio to compare
the blast performances of large panels of ESP glass
with those of conventional glasses under varying
overpressure conditions.

The tests were conducted in a shock tube,
providing carefully controlled test environments.
Free-field blast tests at Sandia’s Explosives Com-

Rushing headlong into the glass problem

Sept. 11, Oklahoma City, a string of terror-
ist bombings at overseas US facilities, and the
suicide-bombing crisis in the Middle East are
motivating US government agencies — partic-
ularly the military branches and the State
Department — to urgently consider ways to
curtail “the glass problem.”

So far the most widely adopted retrofits to
make a building’s windows more blast-resis-
tant include laminating or filming glass panes
to keep them intact in their frames when they
break, adding mesh curtains or blast bars to
windows to keep laminated or filmed glass
from flying into occupied rooms, and using
thicker glasses, laminates, and transparent
plastics to prevent glass fracture altogether.

But these approaches might not be the best,
or safest, responses, says researcher Jill Glass.

In fact, some evidence suggests that films
and laminates intended to make a pane
stronger can lead to larger and more danger-

(Photos courtesy of lill Glass)

“For the first time we have glass
types that are both strong and
dependable, that crack noncata-
strophically, and that fracture into
small fragments.”

ponents Facility are planned for this summer
using smaller-scale glass samples.

“Even under nominally similar conditions,
glasses perform differently from one day to the
next,” she says. “The goal is to come up with a set
of protocols that allow engineers, manufacturers,
researchers, and end users to make scientifically
valid comparisons under rigidly controlled, stan-
dardized conditions.”

“I believe the research being accomplished here
and at Penn State with the ESP glass will revolution-
ize the application of glass as a structural material for
buildings and infrastructures,” says Rudy Matalucci
(5862), Sandia Architectural Surety® program man-
ager and chairman of the Engineered Glass Com-
mittee of the American Society of Civil Engineers’
Architectural Engineering Institute.

“I find a new excitement within the industry
for using glass differently as a construction
material now that the internal stress profile can
be altered to meet a variety of strength require-
ments,” he adds. “Many of the architects and
engineers | talk with daily are encouraged to
know that Sandia is investigating the basic
performance of ESP glass.”

And building glass is just one market for bet-
ter glass, adds Jill.

“There are many other uses, including
weapons and automobile applications, that would
benefit from a glass you can trust,” she says.

ous flying sheets of glass in a blast, or they
may hamper rescue and firefighting efforts, a
difficulty encountered by emergency workers
at the Pentagon on Sept. 11.

Also, in the dynamic pressure environ-
ment of a bomb blast, shattering windows pro-
vide pressure safety valves (“weak links”) that
might, by their failing, prevent damage to or
failure of the building’s superstructure.

“Sure you can make glass stronger,” she
says. “But you might end up causing structural
failure or other unexpected problems. We
don’t yet know enough about glass and its
effect on the overall building response in a
blast to make that decision.

“We’d like a one-size-fits-all solution,” she
adds. “But windows in different locations and
in buildings with a wide variety of construc-
tion methods need to be considered both indi-
vidually and as a component of a larger system
using the principles of Architectural Surety.”
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Testing acceleration data recorders leaves Sandia
department feeling like it’s the Fourth of July

Instrumentation being miniaturized so it can go into smaller projectiles

By Chris Burroughs

Every time instrumentation
developed by Telemetry and
Instrumentation Dept. 2665 is
fired in a projectile or bomb into
concrete, rock, water, or earth tar-
gets to support a customer’s test,
it’s like the Fourth of July.

So says Dept. 2665 Manager
Mike Partridge.

“It’s both exciting and nerve-
wracking,” Mike says. “The team
works hard to get the instrumenta-
tion right, but the worry is that
something might go wrong. And
when the experiment is a success,
everyone feels a sense of elation.”

That feeling of exuberance was
evident April 30 when the Penetra-
tor Instrumentation Team partici-
pated in an experiment at Sandia’s
rocket sled track. They put instru-
ments designed to monitor acceler-
ation inside a casing of a test unit,
which was rocket propelled along
the track into a water target —
Styrofoam blocks containing a
two-foot-deep water trough. When
the test unit hit the target, it was
traveling at more than Mach 2.

The instrumentation survived
the test.

track into a water target.

MONITORING ACCELERATION — Dave Faucett (2665, right) connects a data readout
cable to an acceleration recorder while Phil Reyes (also 2665) uploads data following an
April 30 experiment when a test unit was rocket-propelled along Sandia’s rocket sled

(Photo by Randy Montoya)

Another customer that fre-
quently uses Dept. 2665’s instru-
mentation is B61 System Engineer-
ing Dept. 2111.

“We have used instrumentation
packages from Mike’s department in
B61 testing over the past eight to
ten years,” says Steve Pink (2111).
“We have been extremely happy
with the performance of their
recording systems and the respon-
siveness of Dept. 2665’s personnel
in meeting aggressive schedules and
supplying quality data. During the
B61 Alt 354 program, for example,
we flew 13 flight tests and did not
lose so much as one channel of data
during the test series.”

Ed Henry (2665), who leads the
Earth Penetrator Instrumentation
Team, says among the biggest chal-
lenges in building the small and
highly sensitive measuring instru-
ments is to make them rugged
enough to survive impacts of as
much as 40,000 Gs. Over many
years of field experience, his team
has learned numerous “tricks.”

One advantage to the new
recording technologies is that they
are designed to operate with mini-
mal support equipment in remote
test areas.

Acceleration data gathered
from the instrumentation will be
compared with computer simula-
tions to determine how accurate
the models are.

For nearly three decades Dept.
2665 has been designing, building,
and fielding flight instrumentation
data recorders that are put into

“It’s both exciting and nerve-wracking. The team works
hard to get the instrumentation right, but the worry is
that something might go wrong. And when the experi-
ment is a success, everyone feels a sense of elation.”

“Only a small interface box and
a laptop computer are needed to ini-
tialize the recorder for the test or
download and plot the data after
the unit is recovered,” Ed says.

After the projectile is dropped,
it is retrieved and the recorder is
removed so that data can be down-
loaded. Researchers in Dept. 2665

various size projectiles and used to

measure acceleration and velocity as a projectile is

fired and penetrates targets.

What'’s new is the development of recorders that
are smaller, more sensitive, and more rugged than

any of their predecessors.

“Our new acceleration recorders use a microcon-
troller-based architecture for test flexibility, while

maintaining electronics and packaging techniques
developed over many years of penetrator testing at

Sandia,” Mike says. “Because of their small size, they

can go where no recorders have gone before.”
There are several versions of the new small

recorders: the 2.5-inch-diameter-by-6-inch AdPen2,

the 2-inch-by-3.5-inch MinPen2, and the 1-inch

diameter-by-1.8-inch MilliPen. The design team for

these versions was led by Tedd Rohwer,
former member of the Earth Penetrator
Instrumentation Team who is now in
Dept. 2131. A next-generation MilliPen is
being developed by Tony Mittas (2665).
The small size and weight of these
modern acceleration recorders allow their
use in smaller and more compact projec-
tiles, which greatly reduces testing costs.
Tom Togami of Applied Engineering
and Technical Development Dept. 15414
says his department uses the instrumenta-
tion “on the majority of our penetration
tests,” which “usually means a few full-
scaled tests and multiple mid-scale tests
per year.”

“When we obtain data
they are always compared
with pretest simulations
and are also used to further
the development of our pre-
dictive models,” Tom says.
“We have performed suites
of experiments with the
MilliPen that provide com-
prehensive data sets for the
DOE/DoD community to
benchmark their modeling
and simulation efforts.”

Tom’s colleague in
Dept. 15414, Danny Frew,
says, “Much of the test data
collected over the past few
years has been outstanding,
and we are using this data
to benchmark existing com-
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GRAPH shows data obtained using a MilliPen recorder in a test where a
penetrator went through concrete. The deep dip on the right is when the
penetrator hit the concrete.

puter codes.”

And, he adds, Dept.
2665 is the only organiza-
tion at Sandia that can do
this work.

have designed a version using radio
frequencies — still in the experimental stage —
that will allow for real-time data recovery
without having to wait for penetrator recovery.

The small recorders have been used in sup-
porting a wide range of deployment methods.
They have been fired from a cannon, flown on
rocket sleds, and dropped from aircraft like
F-16s, B-2s, B-52s, helicopters, and even a hot
air balloon.
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